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* Introduclion:

This program was broadly focused on the materials science of high-
temperature superconducting coated conductors, which are of potential
interest for application in aleettic power systeans of mterest to the Air Foree,
The thres mgin elpmenis wers: 1) wnderstanding the basic matenls sclence
undedying the deposiion of 123 YRCO at the Mgh rates needad for
soonomic manfacture of coxted conductors; 7) explomtion of vadents of
and altematives to 123 YBCO for possible application as coited conduotors;
and (in tha early parts of the program) 3) developmiant and epplication of in-
situ deposition process monftoring tools relevant to coated conductor
deposition. Bach of these is discussed in turn balow. In addition some other
toplcs were addressed as special opportunttics that presented themselves as
the program evolved. They are mentioned at the end of this report.

In the early part of this program, we demonstrated the uiility of ks-sits, real-
tima Fourler Tramsform hifraved Raflact vity (FTTR) messurements as 4

potentially powerful tool to monitoe the temperature and opfical properties
af & kigh Te supercondocting thin flos dudng deposition. This work was
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then traoxferred to aor DoE DURIP progrem, FAGS50-07-1-D491, which
was specifically focased oo tha development of new characterization tools.
Once it was further developad ander that progoam, [n this progmm, we
applied this technlcque to the study of the deposifion process of high Te
YBCO thin films.

This mew ool tarned out to be spectaculady suoecessful. Through its use, we
were able to establish the phase stability lines (In temperatire/oxygen
pressore space) of the kigh temperaturs superconductar YBCU and to track
the phase gvolution of our deposits during both deposition and post
deposition processing. 'We were able to establish in detell how gur Tigh-rate
el sctron-botm co~-evaporation process for coated conductors acturlly works.
Specifically, we found that the initial deposit 1s a glassy material of partially
oxidized cations (Y, Ba and Cu) that oxidizes further npon inereesing the
oxygen. prossure in the depasition system amd then enters the 123 YBOO

cuﬂh:rm Hare the |23 phass forms glong with g Aquid BaCoO phase,
We beliove that our 123 YRCO grows from the BaCuO Liqrid flax as
termperature is rednoed subsequent o this Lnitial oxidation. 'We certainly can
ser 8 change in the optical properfies of our doposits that we assotiate with
the BaCuQ) melting fine in the phase diagram. Upon further reduction of
teraparature, forther axidation oceurs to the folly cxidived form of 123
YBCO, wihich 1s the desired high terupamaturs supercanducting phase,

Koowledge of this proocessing routs now pexmits exploration of the opfimal
processing for 123 YBCO using eleotran beam oo-evaparation. 'With this
hasic work fn hend, this optimizafion work was transferred to our applicd
DoE Cogted Condnetor program.

As part of this program we elso developed & depth profiling fechnique o
study the dependenes of the tramspart properfies (normal stats resistlvity uad
puperconducting critical corrent density) ns a function of posttion down
throngh the filen. The basic (des was to mensure the transport properties us
suocessive lryers were etched away. By taking the diffevence between
anscessive measuraments after sach eiching step, The value a8 a fonction of
depth pould be inferred. By thiv muans, we wens able fo estulifish that oor
ﬁlmmmhmbntnth:mﬂuf:mplquhthd
excallent properties amd » Jower layer that wes nearly insulating. The origins
of this Ixyered nators of our films was fioully undarstood Jater us a result of
the detalled wnderstanding we achieve with oor FTIR studies mentioned

above, supplamented by X-my diffractian. wark.




The 248 phase of YBCO has the attracfive feators eompared with 123
YRUO that it has a siolehiometrie cxygen concentration in the

phase, s drawback is that it bas kisiorically besn hard 1o
directly syntheslss thix matedal ln fhia flm form, beeause of the kigh

oxygen pressures required for equilibewm growth.

'We have foond a4 non-eqoilibrinm process that cam grow 248 YBCO In thin
film form. In this process, 2 glassy precursor of the 248 phase s forwed by
PLD ut elevated tamperaturss. Elovated tergparatures ace secessay 1o
ensure high density and possibly short-mmge caflon order. These precorsor
filme are subseruently heat troated at & speeific higher temporature mud
oxygen pressure. While the processing window is narrow, gaod 248 films
do mosult, Time constrainty om the program did ot permit detalled physical
charactesization of these films for possible sapercondnoting applieationa,

"The estuts reader will note that the synthesis routes for 123 and 124 YBCO
both involve non-equifl[brium processing from a glassy precursor. [tz
possible that these results presage & whole new approach to coxoplex axide
thin film formation 1o goneral. A patent diselonits oo the process has bean
subnitted.

Tha important introduction of FTIR rs an b situ deposifion mowitoring tool
wan discussed above,

* Other Activitiey

[n the sady part of this program, we charactedized the thin Ahas of MgB2

fhat wa had previoasly geown in an bn situ procese.  They were foand 1o be
gquite good, given fhe substantial diffioultica to grown MgB2 in situ.

Alsq, In an collaboration with the group of Jochen Mamnhart at Augsburg,
wo invented & new memory cell for possible use with superconducting
Jashephson, slectronics. The cell s based on switching of & magnofic dot
with 4 single Josephson junction readost. The advantage of this cell over the
traditional epproach is fhat it holds the promise of being scalsble to very
gmall dimensions, well below that posgible with the traditional cells.




